The species spectrum of Geometridae, their seasonal and population dynamics and importance for the stability of birch stands in the air-polluted area of the Krušné hory Mts. was derived from a light trap [224 species of imagoes, particularly Cabera pusaria (L.), and Cyclophora albipunctata (Hufn.)] and the method of shaking off from birch crowns [52 species of larvae, particularly C. pusaria (L.), Operophtera fagata (Scharp.), Alcis repandata (L.), Biston betularius (L.), and C. albipunctata (Hufn.)]. O. fagata (Scharp.) has an economic importance for birch stands and newly established beech stands. Thanks to the uneven time of hatching moths of an eudominant species C. pusaria (L.) the danger of defoliation of birch stands in summer is reduced in spite of the species gradation potential.
JOURNAL OF FOREST SCIENCE, 52, 2006 (5): 197-207 Fauna of moths the species spectrum and numerical proportion of which are affected by meso-and microclimatic conditions (altitude, aspect) and woody and herbaceous undergrowth are the organic component of forest ecosystems. Through the effect of anthropogenic air pollution, faunistic-poor spruce stands in the eastern Krušné hory Mts. have died being replaced by stands of substitute species with the high proportion of birch Betula pendula Roth and heavy weed infestation. Newly created site conditions generally increased faunistic diversity. In the spectrum of caught moths, it is possible to note a number of important phytophagous pests (Kula 1997b) .
Birch ranks among species with the broad spectrum of phytophages where larvae show a dominant position. Reiprich (2001) mentions 367 species of butterfly and moths larvae (15 monophages) related to birch in Slovakia. Kutenkova (1986) corroborated food relationships to birch in 107 species of moths in the Karelian region. The author considers Orgyia antiqua (L.) and Epirrita autumnata (Bork.) to be potential pests. Gninenko (1999) ranks Ptilodon capucina (L.), Biston betularius (L.), Ochropacha duplaris (L.), Hypomecis punctinalis (Scop.), Leucodonta bicoloria (Den. et Schiff.) and Acronicta leporina (L.) among pests endangering birch. Flerov (1954) considers Operophtera brumata (L.) Erannis defoliaria (Cl.) and Biston stratarius (Hufn.) to be an important component of the crown fauna of birch. In Scandinavia in regions beyond the Arctic Circle, E. autumnata (Bork.) undergoes periodical gradations on Betula tortuosa Ledeb. causing complete defoliations (Eidmann 1964) . Čihař (1978) rank loopers B. betularius (L.) and Geometra papilionaria (L.) among important pests of birch. Erannis defoliaria (Cl.), larvae of which are less numerous but exhibit higher food requirements than winter moth causes often complete defoliation in case of gradation. The fact is supported by damage to mountain ash and birch (1980, Forest Enterprise Janov in the Krušné hory Mts. -3,000 ha and Forest Enterprise Děčín -500 ha) which was eliminated by aerial spraying of stands (Badalík 1988) . Koch (1989) mentions 131 species, 60 of which from the family Geometridae. Kula (1988a) ranked also Cabera pusaria (L.) among the spectrum of ten most important larvae on birch.
Phenology of the occurrence of larvae of moths related to birch changes during the year and it is possible to specify certain successions which overlap (Kula 1997a) .
With respect to the extent of caught loopers (imagoes, larvae) the aim of the paper is to define their species spectrum, seasonal and population dynamics and importance for the stability of birch stands.
METHODS AND MATERIAL
The collection of crown fauna was carried out in the area of Forest Enterprise Děčín (formerly Sněžník) in the period 1986-2004 using the method of shaking off insect in six stands of B. pendula Roth aged 5-15 years. In each of the stands, in total 5 trees were shaken off on a cloth 2 × 2 m in a 14-day interval in a period from 1 April to 31 October. Trees for shaking off were randomly selected in a stand in such a way the trees not to repeat in two subsequent terms and thus the representation of larvae the development of which exceeded 14 days not to be affected. Shaken off individuals were killed and preserved in 75% ethanol creating a mixed sample for the stand. Larvae were determined by Dr. J. Patočka (Zvolen).
The trapping of moths was carried out by means of a light catcher Minnesota with a RVL 250 W vacuum tube and daily inspection from 1989 to 2004 (1 April-30 October). The catcher was placed in the zone of originally maximum threat by air pollution (at an altitude of 570 m). It was hung 3.5 m above the ground in a young stand of birch and in the vicinity of the catcher, full-grown trees of birch, larch, spruce, oak, ash, linden, alder and a pine thicket occurred. In the herb layer, Calamagrostis villosa Gmel. and Senecio sp. predominated with 100% cover.
The moths species were determined in cooperation with Dr. M. Králíček (Mendel University of Agriculture and Forestry Brno), V. Elsner (Museum of SE Moravia, Zlín), J. Spružina and J. Černý (Ústí nad Labem). The nomenclature of Laštůvka and Liška (2005) was used. Dominance was classified using five classes: eudominant > 10%, dominant 5-10%, subdominant 2-5%, receding 1-2%, subreceding up to 1% (Losos et al. 1984) .
Description of the area under study
The area is part of the region of Forest Enterprise Děčín (northern Bohemia, 14°04´E, 50°46´N, number of the square of network faunistic mapping 5250) in the past for a long time exposed to SO 2 concentrations exceeding 60 μg/m 3 . It is characterized by cold mountain climate (mean annual temperature 6°C, total annual precipitation 800 mm, the length of a growing season 110-120 days, altitude 450-700 m) occurring in the actual medium air pollution load. Spruce stands died on large areas in 1979 being then replaced by stands with the dominant proportion of birch (B. pendula Roth). The crown fauna was studied in six stands of birch. 1986-1988 1989-1991 1992-1994 1995-1997 1998 
RESULTS
The crown fauna of birch loopers consisted of 52 species. Cabera pusaria (L.) (42%), Operophtera fagata (Scharp.) (22%) and Cyclophora albipunctata (Hufn.) (10.1%) showed eudominant position while Agriopis aurantiaria (Hübn.) (4.1%), Campaea margaritata (L.) (2.8%), Biston betularius (L.) (2.1%) occurred as subdominant species (Table 1) .
The stand of birch in the Kristin Hrádek locality was subject to the greatest attack due to the higher percentage of eudominant and subdominant species. Decreased occurrence of loopers was noted in the stand Letadlo (Table 1) . Faunistic diversity was defined by 32-39 species in particular localities partial preferences being noted in some species for certain localities. C. pusaria (L.), A. aurantiaria (Hübn.), C. albipunctata (Hufn.), Chiasmia notata (L.) showed increased proportion in the stand K. Hrádek while O. fagata (Scharp.) dominated in stands Ostrov and Tisá (Table 1) .
In an early spring aspect, only 6 species were caught. The highest degree of threat is related to the spring aspect (26 species). Ten species of them is characterized by culmination in the period, e.g. O. fagata (Scharp.), A. aurantiaria (Hübn.) and O. brumata (L.). Although a summer aspect with 34 species shows high species diversity, only Lycia hirtaria (Cl.) exhibits culmination during this aspect. The highest diversity (39 species) in the late summer aspect is related to the culmination period of the occurrence of eight species of loopers, e.g. C. pusaria (L.), B. betularius (L.), C. albipunctata (Hufn.). In an autumn aspect (18 species), particularly the late summer aspect subsides. Loopers Alcis repandata (L.) and Alcis bastelbergeri (Hirschke) ( Table 1) can be ranked among species with long-term occurrence and without marked culmination.
Most loopers were caught in crowns of birch trees in 1992-1994 and 1995-1997 . In the spectrum of loopers, population dynamics occurred only in A. aurantiaria (Hübn.) (a species actively increasing population dynamics), C. pusaria (L.) (culmination period 1995-1997, actually in low population density), C. albipunctata (Hufn.) (evident culmination 1995-1997) , O. fagata (Scharp.) (culmination in 1992-1994 and 2001-2003 , actually in the gradation stage) ( Table 1) .
The spectrum of loopers caught by a light catcher (224 species, 49,934 specimens) corroborated the species richness of the family. However, only 24 species were represented by more than 1%. Table 2 . Loopers from stands of substitute species with the dominant position of birch (Sněžník, light trap, 1989 -2003 ) Species 1989 -1991 1992 -1994 1995 -1997 1998 -2000 2001 -2003 1986 -2003 (Table 2) . During the period under study, the species spectrum increases from 107 species (1989) (1990) (1991) to 177 species (2001) (2002) (2003) and similarly, it is possible to characterize an increase in the total catching of moths from 2,607 specimens (1989-1991) to 23,378 specimens (2001-2003) ( Table 2 ). Because it is not possible to eliminate the impact of weather conditions on the absolute number of caught moths in the catcher even after unifying into a three-year period, population dynamics was evaluated by changes in dominance. The dominance of C. pusaria (L.) increases to a culmination value 20.67% (1995) (1996) (1997) and subsequently decreases in the same trend. A species C. albipunctata (Hufn.) can be characterized in the same way. Xanthorhoe montanata (Den. et Schiff.) (1998) (1999) (2000) , L. hirtaria (Cl.), Chiasmia clathrata (L.) and Aplocera praeformata (Hbn.) showed the only marked increase in the studied period.
and Euphyia unangulata (Haw.) rank among species where we can note a continually increasing proportion in the species spectrum. Recently, an increased occurrence appears in Eupithecia lariciata (Frey.). In the area under study, the proportion of B. betularius (L.) and Lomaspilis marginata (L.) decreases (after culmination in 1992-1994), Xanthorhoe spadicearia (Den. et Schiff.). Species Ch. notata (L.) and Ch. liturata (Cl.) (Table 2) can be characterized by two Den. et Schiff.) . Seasonal aspects are significantly differentiated not only by the spectrum of species but also by the extent of catching. The early spring period is relatively poor in species with the dominant occurrence of L. hirtaria (Cl.) (54.3%) and B. stratarius (Hufn.) (14.2%). From the spring aspect with 130 species the species diversity increases to 158 (summer aspect) and 168 (late summer aspect). Characteristic species for the period are C. pusaria (L.) and B. betularius (L.) and the spring and summer generation of C. albipunctata (Hufn.). The species diversity of an autumn aspect (52) is affected by the subsiding late summer aspect and by typical autumn species the catching of which is decreased in consequence of apterous females and not recorded November activity (Table 3) . The seasonal dynamics results in the relatively numerous proportion of species with two generations [Ch. notata (L.), C. albipunctata (Hufn.), Xanthorhoe ferrugata (Cl.), Xanthorhoe spadicearia (Den. et Schiff.)] and Ecliptopera silaceata (Den. et Schiff.) the second generation being more numerous.
DISCUSSION
In the fauna of moths of the CR (3,374 species), Geometridae create the third most numerous family (395) after Noctuidae (478) and Tortricidae (470) (Laštůvka, Liška 2005) . Under conditions of Forest Enterprise Děčín (formerly Sněžník), a direct food relationship was proved to birch in 52 species of loopers and 224 species of imagoes were caught by a light catcher. The broad spectrum indicates that a food offer as compared with spruce monocultures is very rich affecting faunistic diversity. Important pests of seeds and fruits (Eupithecia spp.) and phytophages with the gradation potential (Operophtera, Ennomos, Selenia, Bupalus, Semiothisa, Poecilopsis) rank among members of the family. Based on harmfulness, it is possible to classify the group of loopers developing on birch into species (1) which can gradate separately and cause defoliation [O. fagata
2) which do not gradate in such a way to cause heavy feeding or defoliation but create important part of the complex of larvae damaging assimilatory organs [C. albipunctata (Hufn.) etc.], (3) which occur individually in the balanced numerical condition with low abundance and negligible economic importance (Kula 1997a).
The eudominant position of C. pusaria (L.) in crowns of birch was also corroborated by catching of larvae. It refers to an important summer species of Geometridae imagoes of which hatch irregularly and, therefore, larvae occur from the summer to the autumn aspect in crowns of birch. High total amounts of caught larvae have not become evident in single defoliation yet but in the increasing loss of leaf area which can negatively affect maturation of shoots and their subsequent winter killing similarly as in Lochmaea capreae L. (Kula 1988b) .
O. fagata (Scharp.) occurring as an eudominant species in the crown fauna of birch is mentioned as an important pest only by Voolma (2000) in birch stands of Estonia and by Kula (1997a) in the Krušné hory Mts. If Šrot and Skuhravý (1988) and Badalík (1988) (Suomela, Neuvonen 1997) . Under conditions of heavy air pollution impact the species does not find suitable conditions but at the content of Cu/Ni 20 to 30 μg/g in leaves the density of larvae increases (Ruohomaki et al. 1996) . The differentiated occurrence in the studied localities was not related to any site factor. Populations of O. fagata (Scharp.) on birch can cause defoliation in a spring aspect also on beech which is significantly represented in the present regeneration of forest stands in the Krušné hory Mts.
The amount of caught insect by a light catcher does not differentiate the three species mentioned above because their late activity was not recorded by the light catcher. The inspection of eggs in not used but according to the degree of defoliation population density showed in the increased damage to assimilatory tissues (1995, 2000, 2004) particularly in old stands (Kula 2005) where ovipositing females prefer the lower third of crowns (Buchta et al. 2004 ). In the complex of free-feeding larvae, the studied regions of the eastern Krušné hory Mts. are differentiated by the increasing value of defoliation (Klášterec-Janov-Litvínov-Sněžník 3.3-3.2-5.6-11.4%) (Kula 2005).
The dominant position of C. albipunctata (Hufn.) in stands of birch is not noted in literature but with respect to the supposed low consumption of the larvae it is not possible to expect damage to stands by the species. However, it is an organic component of the summer and late summer aspect. The dominant position of imagoes of B. betularius (L.) which is characterized by industrial melanism demonstrates that the gradation occurrence of larvae related to defoliation in stands of birch out of the studied region (www.protec.forest.ru/win-1251/pests/leaf/013. htm) does not show adequate proportion of larvae (2,000 eggs/♀) in the crown fauna of birch in relation to the abundance and fertility of moths. Therefore, it is not possible to exclude the use of another species in addition to birch.
CONCLUSION
The fauna of Geometridae of the region of Forest Enterprise Děčín consisted of 52 species of larvae from crowns of birch trees caught by the method of shaking off and 224 species of imagoes caught by a light catcher. A decisive proportion in the crown fauna showed larvae of Cabera pusaria (L.), Operophtera fagata (Scharp.) and Cyclophora abipunctata and in caught imagoes the highest dominance showed C. pusaria (L.), Alcis repandata (L.), Biston betularius (L.) and C. albipunctata (Hufn.). A direct relationship was not determined between the numerical proportion of imagoes of B. betularius (L.) and A. repandata (L.) and their larvae in the crown fauna. O. fagata (Scharp.) shows economic importance for birch stands and subsequently for the regeneration of beech stands. C. pusaria (L.) is characterized by a gradation potential but owing to the non-uniform time of hatching the occurrence of larvae in tree crowns is differentiated. Summer defoliation can seriously affect maturation of shoots and their winter killing. Seasonal dynamics demonstrated the occurrence of some species with two generations. Based on population dynamics it is possible to derive repeated culmination for O. fagata (Scharp.), C. pusaria (L.), A. aurantiaria (Hübn.) and C. albipunctata (Hufn.).
